Sixteen patients with severe mitral stenosis have been studied by means of cardiac catheterization, ventilatory and respiratory tests. A decrease in the oxygen diffusing capacity and an increase in venous admixture were observed in a majority of the cases. The degree of pulmonary arterial and arteriolar abnormality observed in lung biopsies failed to correlate with the pulmonary arteriolar resistances calculated from the hemodynamic data. It is suggested that reversible vasoconstriction plays an important role in the pathogenesis of the pulmonary hypertension associated with mitral stenosis.
T HE DEVELOPMENT of effective surgical therapy for mitral stenosis has focused interest on the pathologic physiology of this disease. Careful appraisal of abnormalities in circulatory and pulmonary function of patients with mitral stenosis may help in the proper selection of cases for operation and should aid in evaluating the results of surgery. It has been clearly recognized that with long standing mitral stenosis striking pathologic changes in the lungs are found at autopsy." 2 Intimal thickening of the arteries, hyperplastic arteriolar sclerosis, and dilatation of the capillaries are frequently observed. In addition to vascular lesions, the alveolar walls may be affected by edema, fibrosis, and emphysema.
Extensive hemodynamic studies have been carried out which demonstrate that narrowing of the mitral valve produces hypertension throughout the lesser circulation and often an increased resistance to flow through the pulmonary arterioles.3-8 However, to date there are few reports of abnormalities in pulmonary function in mitral stenosis and the majority of these have dealt with disturbances in ventilation.1' 10 11 Blount and this disease. The present study was undertaken to extend the investigation of respiratory function in patients with mitral stenosis to include abnormalities in gas diffusion and distribution and to learn whether this information might be correlated with clinical and hemodynamic observations and with pathologic changes found in lung tissue obtained by biopsy.
CLINICAL MATERIAL AND METHODS Sixteen patients with mitral stenosis of varying clinical severity were studied. None was thought to have significant mitral regurgitation. There were no clinical or roentgenologic data to suggest primary pulmonary disease. The clinical findings are summarized in table 1. All patients were considered sufficiently incapacitated to warrant consideration for surgery. Most of the patients had been on a trial of medical therapy including a low sodium diet, diuretics and digitalis. Complete cardiac catheterization data were obtained in all but two of the patients. Ten of the 16 had finger-fracture valvuloplasty shortly after study. A biopsy of the lung was obtained from the anterior margin of the left upper lobe in each of the operated cases.
The studies were conducted in the postabsorptive state. Ventilatory measurements were carried out with the Benedict-Roth spirometer following the recommendations of Comroe.'3 These were limited to the determination of the vital capacity, maximum breathing capacity, and breathing reserve ratio. The predicted normal values for vital capacity and maximum breathing capacity were calculated using the Baldwin-Cournand formulas. '4 Heart catheterization was performed in the usual manner. Pressure curves were recorded through a Sanborn electromanometer on a direct-writing Polyvisocardiette. Pulmonary "capillary" pressures were For the determination of the oxygen diffusing capacity the method of Riley+ and Cournand was used. 22 23, 2 This requires that the patient be studied at two distinct levels of oxygenation. It makes possible a differentiation of the alveolar-arterial gradient (the difference in oxygen tension between the alveolar air and arterial blood) into two components: the diffusion gradient, which is the difference in oxygen tension between alveolar air and blood leaving the pulmonary capillary; and the venous admixture gradient, which is the difference in oxygen tension between blood leaving the pulmo-* Symbols will not be used in the text of the paper. They are included in the tables for ease of reference to other work. nary capillary and arterial blood. The latter results from mixed venous blood reaching the systemic arterial circulation through anatomically distinct shunts (for example, pulmonary artery-pulmonary vein shunts, thebesian veins) and mixed venous blood perfusing poorly ventilated alveoli (the gradient per minute). This is a function of the area of diffusing surface and the permeability characteristics of the alveolar membrane.
Four of the patients were studied approximately six months postoperatively using technics identical to those outlined above. (28) 20 (23) 18 (23) 23 (25) 25 (29) Although the breathing reserve ratio was reduced in 11 cases, in none of them was the ratio lowered to values which are usually associated with dyspnea (less than 70). All of our patients had dyspnea on exertion, and a few were dyspneic at rest. The impairment of ventilatory function found in these cases seems inadequate to account for their respiratory disability. However, it should be noted that in far advanced cases marked ventilatory deficiency has been demonstrated. 26 The reduction in ventilatory function in patients with mitral stenosis may be due to such factors as an increased blood content in the lungs, fibrosis, emphysema or atelectasis. The disproportionate decrease in maximum breathing capacity as compared with the vital capacity* is probably due to an increase in lung stiffness.
More significant changes were noted in the respiratory function studies. The most important findings were a reduction in the diffusing capacity for oxygen in 14 of the 16 cases and an increase in the venous admixture in 12.
A low diffusing capacity may be due to a reduction in the total area of gas exchange interface or to an increased resistance to diffusion across it. The latter factor is probably very important. Although the degree of alveolar septal thickening found in 7 of the 10 lung biopsies is not too impressive, it is reasonable to believe that the alveolar walls are probably less permeable than the normal alveolar membrane ( fig. 1) . In some cases, this thickening results from edema and increased ground substance. In others, in addition to these changes, there is an increase of collagen. However, the structural changes seem hardly severe enough to account for the extremely low diffusing capacity found in some cases. Here other factors may be operative in effectively decreasing the total area of gas exchange interface. Changes in the capillary bed must then be considered. There may be actual reduction in the number of capillaries as suggested by Parker pulmonary arteriolar resistance and the degree of pulmonary arteriolar disease in lung biopsies. This is illustrated by cases M. V., and P. P. where there was a high pulmonary arteriolar resistance with little or no morphologic change in the pulmonary arterioles. It has been a common assumption that increased pulmonary arteriolar resistance represents irreversible vascular damage. However, the lack of correlation between pulmonary arteriolar resistance and the degree of pulmonary vascular abnormality seen in lung biopsies suggests that vasoconstriction may be the most important factor in increasing resistance to blood flow through the lung. The marked reduction in calculated pulmonary arteriolar resistance following operation lends support to this concept. Postoperatively the patients showed pronounced clinical improvement, and three of the four cases studied had a significant increase in the estimated mitral valve areas expressed as per cent of the preoperative areas. However, following valvuloplasty, the estimated mitral valve area ranged from 0.84 to 1.5 sq. cm., values which have been considered characteristic of an important degree of mitral stenosis. ' The respiratory function studies in this group showed a significant rise in arterial oxygen saturation and in arterial oxygen tension. This can in large part be accounted for by the sharp reduction in venous admixture which was observed postoperatively. 4 . A decrease in the oxygen diffusing capacity and an increase in venous admixture were observed in a majority of the cases. Those patients most severely restricted by their disease clinically usually had the lowest oxygen diffusing capacity.
5. Lung biopsies showed thickening, and at times fibrosis, of the alveolar walls. These structural changes may account for the impairment of oxygen diffusion.
6. The degree of pulmonary arterial and arteriolar abnormality observed in the lung biopsies failed to correlate with the pulmonary arteriolar resistances calculated from the hemodynamic data.
B. Postoperative Results 1. Four of the above patients were studied approximately six months after mitral valve surgery.
2. Three of these patients showed a reduction in the pulmonary artery and "pulmonary capillary" pressures. There was a striking decrease in the pulmonary arteriolar resistances in all. Despite considerable relief of symptoms, the estimated area of the mitral valve was still within the range usually considered indicative of an important degree of mitral stenosis.
3. There was also marked contrast between the observed clinical improvement and the lack of change in the venitilatory measurements. 4 . There was no significant change in the oxygen diffusing capacity in three of the patients. The venous admixture fell to normal in three patients and decreased considerably in the fourth. This resulted in an increase in the arterial oxygen saturation and tension.
5. The lack of correlation between morphologic changes in the smaller blood vessels of the lung and the pulmonary arteriolar resistance, together with the pronounced fall in the latter after operation, are of note. They suggest that reversible vasoconstriction plays an important role in the pathogenesis of the pul-monary hypertension associated with mitral stenosis. ACKNOWLEDGMENTS We take pleasure in thanking Dr. Richard Riley for reviewing the data and making valuable criticisms and suggestions. We are indebted to Miss Ann Murphy who carried out the gas analyses. We wish also to express our gratitude to the members of the Radiology Department for their help during cardiac catheterization.
SUMARIO ESPAROL Diez y seis pacientes con estenosis mitral fueron estudiados por medio de cateterismo cardiaco y pruebas respiratorias y ventilatorias. Un decremento en la capacidad de difusion de oxigeno y un aumento en la mezela venosa fueron observados en la mayoria de los casos. El grado de anormalidad en las arterias y arteriolas pulmonares observado en biopsias del pulmon no correlaciono con la resistencia arteriolar pulmonar calculada de los datos hemodiiiamicos. Se sugiere que la vasoconstrici6n reversible juega un papel importante en la patogenesis de la hipertension pulmonar asociada a la estenosis mitral.
